Takei, 1996). Whereas AP180 is a monomeric polypepAn alternative, more favored view is that SVs in most tide, the other adaptors are heterotetrameric complexes nerve terminals collapse into the plasma membrane consisting of four noncovalently bound subunits. Each upon exocytosis and that their recycling is mediated by of these complexes is composed of two large subunits clathrin and its adaptor proteins (De Camilli and Takei, (␥/␤1, ␣/␤2, and ␦/␤3, for AP1, AP2, and AP3, respec-1996). Clathrin-mediated endocytosis involves a number tively), one medium subunit (1, 2, and 3), and one of highly coordinated sequential steps, including formasmall subunit (1, 2, and 3). and AP180 are involved in receptor and SV endocytosis
vesicles inside them) are formed in vitro from pure clathrin triskelia, the diameters of the resulting cages are nonuniform and range from 40 to 120 nm (Zaremba and Keen, 1983). However, when such empty cages form in the presence of AP2 or AP180, they have a much more uniform size (78 Ϯ 5 nm; Zaremba and Keen, 1983; Ye and Lafer, 1995). These studies suggest that these adaptors regulate clathrin cage assembly, providing a plausible mechanism for SV size regulation during endocytosis.
A series of genetic perturbation experiments strongly support a role for adaptor proteins and their binding partners in regulation of SV size during clathrin-dependent reassembly. Besides binding to clathrin, AP2 and AP180 also directly bind to each other and form a com- exocytosis. This alteration in SV size occurs even when Genetic Perturbations of Endocytic Proteins slow axonal transport of newly synthesized vesicles is Alter Synaptic Vesicle Size abolished by severing the axon from its soma. In addiClathrin triskelia are used to generate vesicles of differtion, when lap mutant synapses are examined after reent sizes in different systems. The homogeneity of SVs covery from depletion of SVs, the quantal size remains therefore cannot be simply due to the intrinsic properties as large and variable as it was prior to depletion. This of the clathrin triskelion; other factors must be involved.
demonstrates that altered SV size in the mutant reflects For example, it is known that in addition to serving as a specific impairment in synaptic endocytosis, rather adaptors to sort cargo membrane and proteins, AP1, than defects in vesicle biosynthesis in the soma. Along AP2, and AP180 also increase the efficiency of clathrin with alterations in SV size, the SV protein synaptobrevin cage assembly. Furthermore, AP2 and AP180 have the is unexpectedly mislocalized to axonal membranes in ability to regulate the final size of the clathrin cage asunc-11 mutants (Nonet et al., 1999). This suggests that AP180 also maintains the fidelity of vesicle reassembly sembled in vitro. When clathrin cages (coats without 
